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The saucer scallop Amusium japonicum balloti is the basis of a trawl fishery with an average 
annual meat production of about 1,000 tonnes in Queenstand. A variable size limit (90mm 
in summer and autumn, 95mm in winter and spring) and a ban on fishing during daylight are 
significant componcnits of the management package imposed on the fishery. 


Effects of alternative management regimcs on yield per recruit, value per recruit and 
spawners per reernit have been evaluated using a modelling procedure. The effect of 
variation in growth parameters has been interpreted in the mudel. 


Results indicate that increasing the size limit to 95min throughout the ycar would increase 
spawners per recruit minimally while dccreasing value per recruit 15-20%. A 95mm size 
limil for most of the year with 24 hour a day fishing, would decrease spawners per reeruit 
by 15-35% in the ranges of F examined, while increasing relative value per recruil only al 
lower exploitation Icvels. 


M.C.L. Dredge, Queensland Department of Primary Industries, Southern Fisheries Centre, 


P.O. Box 76, Deception Bay 4508, Queensland; 15 April, 1994. 


Quecnsland’s saucer scallop (Amusiuim japon- 
iciun balloti) fishery is a component of the state's 
multi-species trawl fishery. Some 900 trawlers 
(10-20m long), are licensed to fish for a number 
af species of penaeid prawns. slipper lobsters 
{Scyllanidac), crabs and scallops. Catch and effort 
data were monitored voluntarily in particular 
fisheries, but have been compulsory and com- 
prehensive since 1988. The current return system 
calls for daily records of effort and catch within 
30°x30' spatial grids, with some data being avail- 
able at a finer spatial resolution (6° x6’). 

The trawl fishery annually takes c.10,000 ton- 
nes of product, with variation in total production 
und species proportions between years. Scallops 
contribute an average of c.1000 tonnes of meat 
annually (Neil Trainor, pers. comm.). 

All of the state’s licensed trawlers are legally 
entitled to fish for:scallops. Not all vessels do 
catch them, however. During 1988-1992, 270- 
360 vessels reported catches of scallops (Neil 
Trainor, pers, comm.), There appears to be excess 
fishing capacity in the state's trawl fleet in the 
context of taking the state's annual scallop catch. 

Queensland's saucer scallop stock was first 
lished in the mid 1950's (Rucllo,1975), when 
prawn trawlers working out of Hervey Bay took 
appreciable quantities. The fishery remained an 
isregular ‘off season’ source af income for prawn 
trawl operators until the mid 1970's, when 
serious attempts to export saucer scallop meat to 


the U.S. and south cast Asia became profitable 
(Dredge, 1985). Effort directed towards scallop 
stocks increased rapidly (Fig.1), total catches in- 
creased then levelled off, while cutch rates 
decreased by an order of magnitude during 1978- 
1985. 


The scallop fishery has been managed through 
both input and output controls, largely since 1985 
(Table 1). Management was initially directed 
towards maximising yield per recruit through the 
use of a size limit, initially set at 80mm shel] 
height (SH), but later increased (Table 1). As 
effort directed at the scallop resource increased 
and catch rates fell, managers expressed concern 
about the state of the resource and directed 
Management measures towards maintenance of 
spawning stock levels. These included introduc- 
tion of a variable size limit (90mm SH in summer 
and autumn, 9Sinm in winter and spring) 
designed to reduce fishing cffort dunng the 
species’ winter spawning season, introduction of 
daylight trawl closures in order to reduce fishing 
effort, and the short-lived trialing of areas closed 
to fishing as spawning stock protection sites. 

The industry has repeatedly expressed concern 
about the management package which has 
evolved over the past 10 years. Some fishermen 
regard the daylight trawl ban as discriminatory. 
Others would prefer to have a year-round size 
limit of 90 or 9Smm SH. An alternative proposal 
involves 24 hour a day fishing while having a 
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FIG.1. Total landings and catch rates from the Queensland saucer scallop fishery. In the initial matrix, 
one axis defined num- 
95mm SH size limit for May-January, and a bers in a series of 


90mm SH limit for February-April, inclusive. recruitment cohorts and the other defined time. 
These alternatives have been evaluatedinterms The resultant matrix developed a series of cohorts 


of meat yield per recruit, value per recruit, and linked to recruitment events over time. All 


spawners per recruit, using outputs from a series simulations were based on two identical, normal- 
ly distributed recruitment pulses being fed into 


TABLE 1. Summary of management procedures in the scallop fishery (P. Pond, pers. comm.) 
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MODELLING MANAGEMENT OF QLD SCALLOP FISHERY 


the model over a 16 week time period, in order to 
simulate a four month, bi-modal spawning 
process commencing in early winter 
(Dredge, 1981). The model was stepped through 
the ‘time' axis, both to feed in recruits and to 
diminish thc numbers of scallops in each cohort 
through a process equivalent to natural mortality, 
i.e. though the process Nu = Ne™, where Ni 
represents numbers at time t, Ni+1 are numbers at 
time t+1, and M the coefficient of natural mor- 
tality. M was ascribed a value of 0.02 week” 
(Dredge, 1985), 

The second matrix was used to estimate size at 
age (shell height) in each cohort at each age. 
Growth rates of scallops are known to vary with 
location, apparently as a function of depth and 
tidal regime (Williams & Dredge,1981, Dredge 
& Robins-Troeger, unpubl. data). Three different 
growth scenarios were used in this model. Sub- 
sets of this matrix were used to ascribe size at age 
for scallops from areas where growth was rapid 

=105(1-e 955"), intermediate (Li=]00(1-<7 
0.05170) and slow (Li=97(1-e7 © 9"), with t in 
weeks. Von Bertalanffy growth parameters were 
derived from Williams & Dredge (1981) and 
Dredge & Robins (unpubl. data). The model was 
based upon 55% of scallop being taken from ‘fast 
growth’ areas, 35% from ‘intermediate growth’ 
rate areas, and 10% from ‘slow growth’ areas. 
These figures are based on the average spatial 
distribution of catch for 1989-1991 inclusive 
{Trainor pers. comm.). 

A third matrix was used to convert shell height 
to adductor weight for scallops in each cohort at 
each age. Monthly shell height to adductor weight 
conversions, based on those in Williams & 
Dredge (1981), were used for this procedure. A 
dollar value was ascribed to scallops in each 
cohort at each age by multiplying numbers of 
survivors by meat weight by unit value of meat in 
a fourth matrix. This required a correction factor 
based on the individual meat weights, as there is 
an appreciable differcncc in scallop prices bascd 
on individual meat sizes (Hart, this memoir). 

Fishing was simulated through a process which 
involved identifying those cohorts in which scal- 
lops were larger than a given (‘legal’) size and 
increasing the mortality rate to include a com- 
ponent for fishing mortality (F), ranging between 
light (F=0.005 week!) to very heavy (F=0.040 
week’). The resultant ‘catch’ of both meat 
weight and value was accumulated as the model 
was stepped through time. 

An index of the number of spawning scallops 
was developed by averaging thc sum of the num- 
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FIG.2. Value per recruit and spawners per recruit from 
scallops with differing growth parameters. 


ber of one and two year old scallops which sur- 
vived at the beginning and end of the winter 
spawning period. This index has been used as an 
index of spawncrs per recruit. 


MANAGEMENT SCENARIOS 


Yield per recruit in meat weight and dollar 
value, and spawners per recruit Were estimated in 
the following management scenarios: 


1) A 90mm SH size limit in summer and 
autumn and 95mm SH size limit in winter and 
spring, with no daylight fishing (the cxisting 
management situation). 
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FIG.3, Variation in value per recruit and spawners per 
recruit as a consequence of varying management 
regimes. 


2) A year round 95mm SH size limit, with no 
daylight fishing. 

3) A 95mm SH size limit in May—January, and 
a 90mm SH limit in February—April (inclusive), 
with an increase in fishing mortality commen- 
surate with 24 hour a day fishing throughout the 
year. This was achieved by assuming that the 
fishing mortality rate (F) doubled as a conse- 
guence of allowing 24 hour a day fishing. 

Model runs were carried out over a 104 week 
time span, which approximates the effective max- 
imum life span of the species (Heald & Caputi, 
198]; Dredge,1985). Yield per recruit and 
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spawners per recruit were estimated as a function 
of fishing mortality (F) between 0.005-0.040 
week”. 


RESULTS 


Output from model runs is most readily inter- 
preted in graphic form. 


EFFECT OF VARIATION ON GROWTH PARAMETERS 

Spawners per recruit and catch value per recruit 
from equivalent recruitment processes were com- 
pared for populations with 3 sets of growth 
parameters. Variation in growth parameters had 
an appreciable effect in ‘per recruit’ output (Fig. 
2). Value per recruit of slow growing scallops 
was 1/3-1/2 of that in fast growing scallops, with 
the differential increasing as exploitation rates 
increased. Conversely, spawners per recruit from 
slow growing scallops remained at near steady 
levels as the exploitation rate increased, indicat- 
ing how few attained legal size before they com- 
menced spawning. Spawner per recruit levels 
from fast growing scallops declined from about 
90% to 60% of those seen in slow growing scal- 
lops as the rate of exploitation increased. 


EFFECT OF VARIATION ON MANAGEMENT SCENARIOS 

Variations in ‘per recruit’ output as a conse- 
quence of varying management scenarios are 
depicted in Fig. 3. If the output derived by 
modelling the existing management situation is 
used as a reference point, altering size limits from 
90mm SH (summer and autumn), 95mm SH 
(winter and spring) (management scenario 1) to 
95mm SH all year round (management scenario 
2) would result in a general decrease of 20-35% 
value per recruit (rising with increasing F) and a 
commensurate increase of 5-12 % in terms of 
spawners per recruit. This is dependant upon the 
relative input of fast, intermediate and slow grow- 
ing scallops to the fishery. 

Results from the model suggest that consequen- 
ces of changing the management regime from 90 
mm SH (summer and autumn), 95 mm SH (winter 
and spring) (management scenario 1) to one in 
which effective fishing mortality was doubled 
(no daylight closure) and size limits were held at 
90mm SH in February to May, and 95mm SH for 
the remainder of the year (scenario 2), value per 
recruit would increase substantially (40 %) at low 
levels of exploitation, but change little at higher 
exploitation levels. Spawners per recruit would 
be reduced by about 10% at lower levels of ex- 
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ploitation, and up to 25% at the highest exploita- 
tion level examined, 


DISCUSSION 


The medel demonstrates that yield per recruit 
and spawners per recruit will be markedly in- 
fluenced by growth parameters of scallops taken 
in the fishery. There is evidence that growth 
parameters of scallops may vary considerably 
over relatively small distances (Williams & 
Dredge,1981; Ansell et al..1991; Ciocco,1991). 
Such variation in growth parameters can have a 
marked effect on optimum age or size at first 
capture for yield per recruit maximisation. Varia- 
tion in growth parameters have been recognised 
and incorporated into the model described in this 
paper. There is, however, no reason why propor- 
tions of landings from slow, intermediate and fast 
growing areas should remain constant, and con- 
sequently the model's output should be treated as 
indicative. In years when a high proportion of 
landings come from areas where scallops grow 
quickly, yield per recruit may be maximised by 
having a larger size limit, and conversely, when 
scallop settlement occurs predominantly in ‘slow 
growth’ areas, yield would be increased with a 
smaller size limit. Given the lead-in time and 
information requirements for a management sys- 
tem using flexible size limits, implementation 
seems unlikely in the short term. 

The output derived by modelling the fishery 
under alternative management scenarios indi- 
cated that variation in exploitation levels effected 
both trends and absolute values of yield per 
recruit. 

Dredge (1992) suggested that a size limit of 
90mm SH maintained throughout the year would 
have little effect on value per recruit by com- 
parison with the existing 90mm SH (winter and 
Spring), 95mm SH (summer and autumn) size 
limits. Output from the model used in this study 
suggested that increasing size limits to 95mm SH 
ona year round basis would induce a substantial 
loss to the fishery with a relatively minor increase 
in terms of spawners per recruit. 

The management option involving size limits 
being set at 90mm SH in February to May, and 
95mm SH for the remainder of the year, and 
increasing exploitation by allowing 24 hour a day 
trawling was examined, Results indicated that 
spawners per recruit would be reduced by 10- 
25%, and value per recruit would be increased 
only at low levels of exploitation. This scenario 
involved a fair degree of uncertainty, however, ils 


an arbitrary doubling of fishing mortality was 
used to simulate the effects of allowing 24 hour a 
day (rawling. Verification of such an arbitrary 
procedure is not possible. 

Given the current limitations in our under- 
standing of spawning stock and subsequent 
recruitment levels, the model output indicates 
that the existing management package offers a 
reasonable compromise between obtaining max- 
imum catch value from the resource while main- 
taining brood stock levels. 

By comparison, the Western Australian agency 
which manages a fishery forthe same species has 
a management philosophy based on limited entry, 
minimising capture costs, and minimising con- 
flict between alternative fisheries in the main 
fishing ground (Shark Bay). Maintenance of a 
substantial breeding population is considered 
critical to management. This is achieved by 
having a summer closure, and a predominantly 
Winter fishery, thus allowing the bulk of animals 
to spawn carly in the (winter) spawning season. 
(Joll,1987,1989}, Size limits are not used in the 
WA fishery, as scallop shucking in the fishery 
takes place at sea_ 

Queensland fisheries managers seek to main- 
tain biological sustainability and long term 
economic viability of the (integrated east coast 
trawl) fishery while recognising social values in 
defining management actions (Glaister et al., 
1993), The differences in management phil- 
osophy have resulted in fisheries which have 
markedly different seasonality, inpul costs and 
numbers Of participants. 
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